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(71) We. ASSOCIATED ELECTRI- 
CAL INDUSTRIES LIMITED, of 1. 
Stanhope Gate, London, WIA lEH., a 
British Company, do hereby declare the 
5 invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following 
statement: — 

10 This invention relates to alternating 
current power transmission systems employ- 
ing transmission lines, and especially to such 
power transmission systems incorporating 
automatic voltage stabilising arrangements. 

15 It is known to provide a degree of voltage 
stabilisation for an alternating current 
power transmission line by connecting a 
plurality of alternating current saturated 
reactors to the line at intermediate stations 

20 along its length, possibly together with 
boosting capacitors connected in shunt with 
the reactors to compensate for the excess 
reactive power absorption in the line 
impedance, when the transmitted power is 

25 higher than the surge impedance power of a 
given line. 

Saturated reactors incorporating means 
for suppressing certain internally generated 
harmonics over the operating range of 

30 reactor currents have proved particularly 
advantageous for this purpose, reactors of 
this form being described, for example, in 
U.K. Patent Specification No. 1.123,582. 
It has also been proposed to connect 

35 capacitors in series with such reactors 
employed for voltage stabilisation in order 
to compensate for the residual slope 
reactance of the reactors, which capacitors 
may also be associated with suitable 

40 damping by-pass filters to prevent self 
excitation of unwanted frequencies. While 
such series slope correction capacitors, as 
they may be referred to, can be chosen to 
give a substantially ideal constant voltage 

45 characteristic under normal steady state 
operating conditions, the cancellation of the 
residual reactance by an equal amount of 



series capacitive reactance has been found 
to introduce some time delays in the 
response of the circuit to transient changes 50 
or perturbations. 

This response delay is reduced to some 
extent by the provision of the above- 
mentioned by-pass damping filters, and is 
adequate for many applications, even for 55 
rapidly fluctuating loads and for alternating 
current transmission lines of up to several 
hundred miles. But for distances approach- 
ing a fifth to a quarter of the wave length of 
the ahernating current system frequency 60 
wave, and for longer distances, the response 
delay can result in a limit to the amount of 
power which can be transmitted stably. 

According, therefore, to the present 
invention, an alternating current power 55 
transmission system includes a transmission 
line connected between a pair of mutually 
spaced terminal stations, a plurality of 
intermediate stations located at spaced 
positions along the transmission line 70 
between the terminal stations, and a voltage 
stabilising arrangement comprising a 
plurality of alternating current saturated 
reactors connected to tiie line at respective 
intermediate stations, some of which 75 
reactors have slope correction capacitors 
connected in series therewith, and others of 
which reactors have slope reactances which 
are not compensated by series slope 
correction capacitors. 80 

The uncompensated reactors have a 
substantially instantaneous transient re- 
sponse, and because of this the combined 
stabiliser arrangement has been found to 
provide adequate speed of response 85 
together with voltage constancy giving a 
form of overall response which is suitable 
for adequate voltage control along even 
very long transmission lines. 

Individual slope corrected stabilisers (that 90 
is to say those comprising reactors having 
slope correction capacitors connected in 
senes therewith) may in some cases be 
connected to the same points on the 
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transmission line as the stabilisers formed by 
uncompensated reactors, although prefer- 
ably the two forms of stabilisers are spaced 
along the length of the line . 

Thus slope corrected and uncompensated 
stabilisers may alternate at suitable intervals 
along part or the whole of the length of the 
line, although many different arrangements 
of the two forms of stabilisers can 
alternatively be employed, to give the most 
satisfactory form of overall voltage 
stabilisation for any particular form of 
transmission line system. The optimum 
spacing between successive stabilisers is 
also a matter of calculation dependent upon 
the parameters of the line and the termmal 



Figure 3 shows another embodiment of 
the invention in which the saturated reactor 
stabilisers are connected to a relatively 
lower voltage winding of a step-down trans- 
former having a primary winding connected 
to the transmission line. 

Referring first to Figure 1 of the drawings, 
there is shown a three phase alternating 
current power transmission line 1 connected 
between two terminal stations Tl and T2. 

Saturated reactor stabilisers shown 
diagrammatically at 2 and 3 are connected 
to the transmission line at intermediate 
stations along its length. Each of the 
stabilisers 2, 3 comprises a saturated reactor 
2R, 3R respectively which could, for 
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150 to 200 miles. 

Shunt connected boosting capacitors may 
be connected as required to some or all of 
the intermediate stations to which the two 
different forms of stabilisers are connected, 
or even at some other locations of the 
transmission line. 

Some of the slope-corrected and/or the 
uncompensated stabilisers may have rotating 
synchronous condensers and/or rotating 
induction motors connected in parallel with 
them at the respective stations, depending 
upon the requirements of the transmission 
hne system, and for some applications some 
stabilisers may be replaced entirely by such 
condensers or motors. 

Saturated reactors of either the slope 
corrected or uncompensated form of 
stabiliser may be connected to a relatively 
lower voltage winding of a step down trans- 
former having a primary windmg connected 
to the high voltage transmission line, or 
alternatively the reactors may be of the type 
having winding configurations capable of 
being connected directly to the high voltage 
transmission line. 

Preferably each stabiliser reactor com- 
prises a group of primary alternating current 
saturated reactor cores carrying either 
primary windings wound as for magnetic 
frequency multiplication, and having 
secondary windings arranged in the form of 



Erimary saturated reactors described in 
r.K. Patent Specifications No. 1,123.582 or 
1,194.151. The stabilisers 2, 3 are connected 
to the various intermediate stations in pairs 
as shown, the reactors 2R of the stabilisers 2 
being usually connected through high 
voltage transformers (not shown) and 
having in series with them slope correcting 
capacitors C for controlling the voltage 
change required to produce a given change 
of reactive current so as effectively to 
eliminate the residual slope reactance 
including the leakage reactance of any high 
vohage transformers, by-pass filters for 
damping out unwanted frequencies, and 
which can be as described in U.K. Patent 
Specification No. 1,176,415, also being 
provided across the capacitors C. as at F 
(only some being shown). The reactors 3R 
of the stabilisers 3, on the other hand, are 
not provided with series slope correcting 
capacitors. A low total slope reactance for 
these stabilisers is helpful and therefore 
reactors of the type described in U.K. 
Patent Specification NO. 1,194,151 may be 
preferable for stabilisers 3. It has been 
found that such a combination of stabilisers 
gives adequate voltage control with a 
suitably fast response time for providing 
satisfactory voltage stability even over very 
long transmission lines. Shunt connected 
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secondary windmgs arrangea m me lorm ui boosting S?P^^^^?'^j^?l'^''T?^ 1 1 , 

a c?osed%S^^hafe mesh with a saturated Provided if required eith^^ 115 
compensating reactor connected into the which the stabilisers are connected or at 
compensaung rcauiu^ ttit Pat^^nt other points along the transmission line. 

In another embodiment illustrated in 
Figure 2 the stabilisers 2, 3 incorporating the 
slope corrected and uncompensated 
reactors 2R, 3R respectively, are arranged 
alternately along the transmission Ime 1 as 
shown, such an arrangement also gmng 
good voltage and power stability over very 
long transmission lines, whereby broadly 



mesh as described in U.K. Patent 
Specification No. 1 ,123,582 or carryiqg plain 
primary windings in star connection and 
having secondary flux shifting windings as 
described in U.K. Patent Specification No. 
1,194.151. ^ ^ ^ 

The invention will now be descnbed, by 
way of example, with reference to the 
accompanying diagrammatic drawings in 
which: — 

Figures 1 and 2 show two different 
embodiments of the invention in which the 
saturated reactor stabilisers are connected 
directly to the transmission line; and 
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stabilisers 2 ensure the voltage — and 
stabilisers 3 the power — stability. 

However it is not necessary for the two 
different forms of stabilisers to be disposed 
in either of the ways illustrated and other 
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arrangements of the stabilisers may be 
employed, to suit the particular transmission 
line involved, the particular arrangement 
chosen and the optimum spacing between 
5 stabilisers being a matter of calculation 
depending upon the parameters of the line' 
and terminal stations. 

In an embodiment of the -invention 
illustrated in Figure 3 each of the stabilisers 

10 2, 3 comprises a saturated reactor 2R, 3R 
connected to a relatively lower voltage 
winding 5 of a step-down transformer 6 
having a primary winding 7 connected to the 
high voltage transmission line 1. The 

15 reactors 2R of the stabilisers 2 have slope 
correcting capacitors C connected in series 
therewith, by-pass filters F for damping out 
unwanted frequencies being provided 
across the slope correcting capacitors C. 

20 Shunt connected boosting capacitors 8 
are connected to some of the intermediate 
stations at which the stabilisers are 
connected and other shunt connected 
boosting capacitors 9 are connected to the 

25 transmission line 1 at locations other than 
the intermediate stations. Some of the 
slope-corrected stabilisers 2 and/or the 
uncompensated stabilisers 3 have rotating 
synchronous condensers 10 connected in 

30 parallel therewith at the intermediate 
stations. Rotating induction motors 11 are 
also connected in parallel with the 
stabilisers 2 and/or the uncompensated 
stabilisers 3 at the intermediate stations. 

35 The shunt connected boosting capacitors 
8 and 9, the rotating synchronous 
condensers 10 and the rotating induction 
motors 11 can also be incorporated in the 
embodiments of the invention illustrated in 

40 Figures 1 and 2. 

WHAT WE CLAIM IS:— 

1. An alternating current power trans- 
mission system including a transmission line 
connected between a pair of mutually 

45 spaced terminal stations, a plurality of 
intermediate stations located at spaced 
positions along the transmission line 
between the terminal stations, and a voltage 
stabilising arrangement comprising a 

50 plurality of alternating current saturated 
reactors connected to the line at respective 
intermediate stations, some of which 
reactors have slope correction capacitors 
connected in series therewith, and others of 

55 which reactors have slope reactances which 
are not compensated by series slope 
correction capacitors. 

2. A power transmission system as 
claimed in Claim 1, wherein the reactors 

60 having slope correction capacitors connec- 
ted in series therewith and the reactors 
having slope reactances which are not com- 
pensated by series slope correction 



capacitors are connected to the same points 
on the transmission line. 

3. A power transmission system as 
claimed in Claim 1, wherein the reactors 
having slope correction capacitors con- 
nected in series therewith and the reactors 
having slope reactances which are not 70 

compensated by series slope correction 

capacitors are spaced along the length of 

the transmission line. 

4. A power transmission system as 
claimed in Claim 1 or Claim 3, wherein the 75 
reactors having slope correction capacitors 
connected in series therewith and the 
reactors having slope reactances which are 
not compensated by series slope correction 
capacitors alternate at intervals along at 80 
least part of the length of the transmission 
line. 

5. A power transmission system as 
claimed in any preceding claim, wherein 
shunt connected boosting capacitors are 85 
connected to the transmission line at some 

or all of the intermediate stations at which 
the reactors are connected. 

6. A power transmission system as 
claimed in any preceding claim, wherein 90 
shunt connected boosting capacitors are 
connected to the transmission line at 
locations other than the intermediate 
stations at which the reactors are connected. 

7. A power transmission system as claimed 95 
in any preceding claim, wherein at least 
some of the slope-corrected reactors and/or 

the uncompensated reactors have rotating 
synchronous condensers connected in 
parallel with them at the respective stations. 100 

8. A power transmission system as 
claimed in any preceding claim, wherein at 
least some of the slope-corrected reactors 
and/or the uncompensated reactors have 
rotating induction motors connected in 105 
parallel with them at the respective stations. 

9. A power transmission system as 
claimed in any preceding claim, wherein the 
slope-corrected reactors and/or the un- 
compensated reactors are connected to a 110 
relatively low voltage winding of a step 
down transformer having a primary winding 
connected to the transmission line. 

10. A power transmission system as 
claimed in any one of Claims 1 to 8, wherein 115 
the slope-corrected reactors and/or the 
uncompensated reactors have winding 
configurations connected directly to the 
transmission line. 

11. A power transmission system as 120 
claimed in any preceding claim, wherein a 
reactor compriseds a group of primary 
alternating current saturated reactor cores 
carrying primary windings wound as for 
magnetic frequency multiplication, and 125 
having secondary windings arranged in the 
form of a closed polyphase mesh with a 
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saturated compensating reactor connected 
into the mesh. 

12. A power transmission system as 
claimed in any one of Claims 1 to 10, 

5 wherein a reactor comprises a group of 
primary alternating current saturated 
reactor cores carrying plain primary 
windings -in st^ir connection and having 
secondary flux shifting windings. 

10 13. A power transmission system as 
claimed in any preceding claim, wherein 
by-pass filters for damping out unwanted 
frequencies are connected in parallel with at 



least some of the slope correction 
capacitors. 

14. An alternating current power 
transmission system substantially as herein- 
before described with reference to Figure 1 
or Figure 2 of the accompanying drawings. 

15. An alternating current power 20 
transmission system substantially as herein- 
before described with reference to Figure 3 

of the accompanying drawings. — 
For th*3 Applicants. 
H.V.A.KIRBY, 
Chartered Patent Agent. 
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